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® Autostereoscopic display with Illuminating linos and light valve. 



® A flat screen autostereoscopic display for bright 
wide angle stereoscopic Images employs a flat 
screen on which are displayed a plurality of regularly 
spaced discrete, finite light emitting sites such as 
thin, vertical light emitting lines. A light valve located 
In front of the screen forms Images by means of 
varying the transparency of Individual pixels . ar- 
ranged In a raster pattern across its surface. The 
screen and light valve are arranged in such a way 
that an observer sees the light emitting lines through 
one set of pixels with the left eye and the same lines 
through a different set of pixels with the right eye. A 
mask may be used with the display unit to enhance 
the parallax effect obtained by the viewer. The auto- 
stereoscopic effect is obtained when the viewer sees 
^with the right eye and the left eye either alternating 

CO 



' rows or alternating columns of pixels. 
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AUTOSTEREOSCOPIC DISPLAY WITH ILLUMINATING LINES AND LIGHT VALVE 



BACKGROUND 



1. Field of tfie Invention 

This invention relates to a flat screen auto- 
stereoscopic device for use in television, computer 
graphics, and the tike viewing applications. 



2. Prior Art 

A sinnple, low cost autostereoscoptc system 
capable of providing clear, bright, high resolution 
images has long been a goal of the television and 
computer graphics industry. Previous attempts to 
produce such a device have experienced the prob' 
lems of high development costs, expensive equip- 
ment. e.g., vibrating components or lenses of var- 
ious sorts, and bulky si2e. However, recent devel- 
opments in the field of transparent flat screen im- 
age displays promise low cost simple and com- 
pact autostereoscoplc displays which use previous- 
ly developed components. 

U. S. patent 2.209,747 (Eisler) discloses plac- 
ing an opaque screen with a plurarrty of transparent 
slits in front of a second screen which displays a 
stereoscopic pair of Images made up of aftemating 
strips. Each strip displays a thin vertical section of 
one of the Images. The strips are arranged so thai 
the first displays a section of the right eye image, 
the second a section of the left eye Image, the 
third a section of the right eye Image and so on. 
The screen with the transparent slits Is placed at 
such a distance In front of the picture display that 
the observer sees only the right eye strips through 
the slits with his right eye and only the left eye 
strips through the slits with his left eye. This tech- 
nique of displaying stereographic pictures is know 
as the Hess system. Devices using this technique 
are very cheap and easy to buitd. However, for 
good images the slits have to be very thin, relative 
to the opaque area between them, and thus a large 
fraction of Ihe light coming from the display is 
blocked. This makes it difficult to obtain bright 
images. 

U. S. patent 4.367.486 (Elchenlaub) discloses 
how three dimensional Images can be viewed with 
appropriate perspective from many different an- 
gles. These Images are created with a pinhole 
aperture or vertical sfit that is scanned across a 
surface situated In (ront of a cathode ray tube 
(CRT) thai displays Images In rapid succession. 



The patent also discloses how the light blocking 
problems associated with small apertures could be 
eliminated by using a similar optical technique, but 
employing a mo\^ing tight source in place of a 
5 pinhole and a surface that displays transparent 
images in place of the prior art CRT. This results In 
bright, clear three dimensional Images. 

U. S, Patent 4,461,541 (Duthle) discloses an 
Image display system and method that provides 
10 two separate and distinct images on a view scene 
for an observer. The images, taken from adjacent 
positions looking toward the target scene, are taken 
from relatively small, acute position angles with 
respect to the scene. These separate images are 
75 then encoded with different polarization In se- 
quence for displaying on a television monitor. The 
images are prepared for viewing by an observer by 
focusing the monitored images onto a liquid crystal 
light valve. Collimated light from a coherent source 
20 addresses the light valve providing coherent output 
therefrom with the encoded images thereon. These 
Images are brought to a Fourier plane and po- 
larized or fittered selectively to provide separately 
encoded images In alternate frames of polarization, 
zs An observer wearing separately polarized lens and 
^/iewing an output screen seas a stereoscopic view 
of the imaged scene. 

On the market today are several computer pro- 
grams designed to be used with conventional CRT 
30 display and a set of "blinking" liquid crystal display 
(LCD) glasses which are worn by the user. Sys- 
tems of this type are sold by Antics Software and 
Millenium Ltd of Great Britain. The LCD glasses 
are synchronized with the CRT screen In such a 
36 way that the left lens Is transparent (and the right 
eye Is opaque) when the beam Is making the first 
scan of alternating rows, and the right eye Is trans- 
parent (and the left eye opaque) when the beam is 
scanning the remaining rows. Thus, the viewer's 
40 left eye sees only a left eye image and the right 
eye sees only the right eye Image, and the viewer 
perceives a scene with depth. The computer pro- 
grams designed for use with such a system gen- 
erate left eye Images and right eye Images on 
^6 alternate rows of a computer monitor screen In- 
stead of on alternate columns of the screen. 

There continues to be a need for a simple 
means of forming and viewing stereoscopic fm* 
ages. 

so Accordingly It is an object of this invention to 
provide a flat screen autostereoscoplc display de- 
vice. 

It is a further object of this invention to provide 
a flat screen autostoreoscopic display device which 
Is low In cost and easy to manufacture. 
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Still another object of this invention is to pro- 
vide a flat screen autostereoscoplc display on 
which only alternate rows of pixels can be seen by 
the viewer's left eye and the remaining set of 
alternate rows can be seen only by the viewer's 
right eye. 

Another object of this invention Is to provide a 
flat screen autostereoscopic display device which 
is capable of providing targe, bright, high resolution 
in^ages and a wide field of view. 

SUMMARY OF THE INVENTION 



In accordance with this invention there is pro- 
vided in an autostereoscopic display unit the im- 
provement which comprises- 

(a) a flat surface screen displaying a mul- 
tiplicity of regularly spaced discrete, finite light 
emitting sites across its surface, said screen re- 
maining dark between said emitting sites, 

(b) a light valve (n front of and parallel to 
said screen, said light valve having Individual pic- 
ture elements arranged In a grid pattern across its 
surface, there being at least one pair of vertical 
columns of individual picture elements for each 
light emitting site, said light emitting site being 
located behind the boundary of said paJr. and op- 
tionaJly 

(c) a mask comprised of alternating opaque 
and transparent to light sections, there being one 
transparent and one opaque section so eituated in 
front of each individual picture element of said tight 
valve that due to parallax effect a viewer's right eye 
can only perceive the light emitting lines through 
the transparent regions on alternate rows of individ- 
ual picture elements and a viewer's left eye can 
only perceive the light emitting lines through the 
remaining rows of individual picture elements, there 
being only single columns of indlviduaJ picture ele- 
ments for each light emitting site in said tight valve 
when said mask is present 



FIG. 4 shows in perspective the geometry 
and optical characteristics of the display unit of 
FIG. 1. 

FlG. 5 is a variation of the display unit of 
5. FIG. 2 wherein a greater number of individual pic- 
ture element (pixel) columns are in the light valve 
display* 

FIG. 6 shows in perspective the geometry 
and optical characteristics of the display unit of 
JO FIQ, 5. 

FIG. 7 is an expanded view of a portion of 
the display unit of FIG. 1 when configured for color 
displays. 

FIG. 8 is a schematic drawing of a system 
7S for sending modulated electromagnetic signals to 
be displayed on the autostereoscopic display of 
FIG, 1, 

FIG. 9 is a schematic of a television receiv- 
ing system wherein the screen is the display unit of 
20 FIQ, 1. 

FIG. 10 is a schematic of a computer system 
wherein the video display is autostereoscopic dis- 
play unit of FIG. 1. 

FIG. 11 is an expanded view of a portion of 
26 the display unit of FIQ. 12 having a mask attached 
to the viewing side of the light valve. 

FIG. 12 illustrates the geometry and optical 
characteristics of the Invention when viewing the 
top of the display unit of FIQ. 11. 
00 FIQ. 13 Is an expanded view of a portion of 

the display unit of FIQ, 1 when configured for color 
displays with offset rows of colored pixels. 

FIG. 14 Is a front view of a mask with look 
around capability. 
35 FIQ. 15 illustrates the geometry and optical 

characteristics of the Invention when viewing the 
top of the display unit of FIG. 14. 

FTG. IS is an expanded view of a portion of 
the display unit of FIQ. 1 configured for parallax 
40 effect In both vertical and horizontal directions. 

FIG. 17 illustrates the geometry and optical 
characteristic of the display unit of FIG. 16. 

FIG. 18 Is a view of a portion of a mask for 
the display unit of FIQ. 16. 

45 

DESCRIPTION OF THE PREFERRED EMSODI- 
MENT 



FIG. 1 illustrates the over all Invention. A flat 
surface screen or Illumination panel 31 contains a 
multiplicity of regularly spaced discrete, finite fight 
emitting sites across its surface. These sites can 
be long vertical lines, a series of short lines ar* 
ranged in a column, disk shaped, e.g. dots, or 
squares in columnar arrangement In this figure 
there is a plurality (typically about 50 per Inch or 



BRIEF DESCRIPTION OF THE DRAWINGS 



FIQ, 1 Is a perspective drawing of an auto- so 
stereoscopic display unit of this invention. 

FIG. 2 is an expanded view of a portion of 
the display unit of FIQ. i. 

FIG. 3 Illustrates the geometry and optical 
characteristics of the invention when viewing the S5 
top of the display unit of FIG. 1 . 
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20 per cm) of stationary thfn vertical lines 35 which 
emit light and have dark spaces between each line 
35. The actual number of tines in any one display 
can be ^yaried from about 0-5 to about 200 lines per 
inch or about 0.2 to about 80 lines per cm to 
achieve a particularly desired result. The diameter 
of the dots and sides of the square are about one 
third the width of an individual picture element 
described below. In al) cases the light emitting 
sites are regularly spaced, the dots and squares 
being in a raster pattern grid. 

As shown in FIQ. 2 these lines 35 can be 
continuous or they can be made up of a plurality of 
either shorter line sources or point sources which 
are arranged in rows. Lines 35 can be made From 
(1) fluorescent gas, such as used in fluorescent 
light tubes, that Is trapped in thin channels etched 
in glass* (2) wire filaments, e.g., tungsten, that emit 
light when electric current Is passed through them 
due to thermal excitation, or (3) electroluminescent 
material which emits light because of electron ex- 
citation and relaxation when an alternating electric 
current is passed through It Lines 35 can also be 
formed by passing a laser beam through a diffrac- 
tion grating and projecting the resulting line on to 
the rear surface (side away from the light valve) of 
a translucent sheet 

In FIG. 1 the flat light valve 32 is positioned In 
front of and parallel to the screen or panel 3i. 
Typically the light valve 32 has about the same 
dimensions as the screen 31. Light valve 32 is 
capable of displaying transparent images by means 
of a plurality of individual picture elements, com- 
monly referred to as pixels as shown by rows 23 
and columns 33, 34 as shown In FIG, 2. The width 
of a pixel in a typical display (such as a pocket 
size receiver or a large wall mounted display) can 
be varied from about 0.1 to about 2.0 mm, with a 
typical width being from about 0.36 to about 0.5 
mm. The light valve 32 can made from liquid be 
made from liquid crystal elements or mechanical 
elements. Examples of liquid crystal displays are 
the displays used In many miniature portable tele- 
vision sets. These types of displays are described 
In detail In an article by P. Andrew Penz. 
"Nonemiasive Displays" in Flat Panel Displays , ed- 
ited by Lawrence E. Tannas. Jr.. (Von Nostrand 
Relnhold Company, New York, NY) which is incor- 
porated herein by reference. Mechanical displays 
suitable for use in this invention are exemplified by 
the mechanical displays used in the larger com- 
puter controlled flat screen displays. The mechani- 
cal displays are described In some detail In U. S. 
patent 4,248,501 (Simpson) (also known as the 
Micro-Curl patent) which is incorporated herein by 
reference. Other light valve 32 arrangements that 
may be utilized Include those made up of a plural- 
ity of individual pockel cells or similar electro- 
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optical devices. Numerous suitable liquid crystal 
displays are currently commercially available, e.g. 
HitachlTM model LM252X. The electronic circuity 
associated with the screens of this invention are 
s similar to those used for fiat screen television re- 
ceivers or computer displays. The modulated elec- 
tromagnetic signal which activates the light valve 
32 Is transmitted to light vaive 32 from a transmit- 
ter, e.g., computer or television camera, not shown. 
70 When the image is to be displayed in color the 
electromagnetic signal Is separated into signals for 
each of the three light primary colors (red, green 
and blue) prior to being sent by the transmitter. 
When the Invention Is used as a computer 
75 generated graphics display light valve 32 would 
receive signals from the computer by means of a 
cable, In the same way an ordinary two dimension 
display that uses the same type of light valves. The 
computer's graphics software would be responsible 
20 for writing the appropriate images on to the proper 
lines of vertical columns of pixels 33, 34 and hori- 
zontal rows of pixels 23. This arrangement is sche- 
matically shown In FIG. 10 wherein the operating 
computer 42 with graphics memory 43 generates 
ZS signals which pass through an interface 44 and Into 
the autostereoscopic display unit 30 of F16. 1. 

When the invention is used as a display for a 
television system, input signals would come from 
two or more television cameras looking at a scene 
30 from different points equally spaced along a hori' 
zontal line as is commonly practiced In the art. 
Signals from each television camera would be used 
to modulate the -appropriate set of pixel columns 
33, 34. In FIQ. 8 a system for sending modulated 
36 electromagnetic signals to be displayed on the 
autostereoscopic display 30 of FIG. 1 Is shown. In 
FIG. 8 the video signals from the right camera 24 
and left camera 25, both of which are focused on 
the same object 26, are fed into a signal mixer 27 
do which sends the mixed signals to the transmitter 28 
that sends the signals to the broadcast antenna 29 
for transmission to the air. In FIG. 6 a system for 
receiving the modulated electromagnetic signals is 
shown, In FIG, 9 the electromagnetic signals are 
45 received by antenna 40 and relayed to a receiver 
sat 41 which supplies the separated signals to the 
autostereoscopic display 30 of FIQ. 1. 

In FIG. 2 the pixels as shown by rows 23 and 
columns 33.34 in light vah/e 32 are all of the same 
50 size. Preferably the pixels as shown by rows 23 
and columns 33.34 are arranged in a grid raster 
pattern In such a way that there are twice as many 
pixel columns in the horizontal direction as there 
are emitting lines 35 on screen 31. As will be 
55 explained below a larger number of pixels 33, 34 
may be employed for each light emitting line 36. 
Alternating pixel columns 33. 34 In FIQ. 3, respec- 
tively, display vertical sections of left eye and right 
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eye images of a stereoscopic pair 

The balance of the autostoreoscopic display 
unit is made in a manner typically associated wfth 
t^e manufacture of CRT viewing devices and in- 
cludes among other things the housing, 
spacing/retaining frame for fiat surface 31 and light 
valve 32, protective saeen in front of light valve 32, 
and the tike. 

FIG. 3 and FIG. 4 Illustrate the geometry and 
optical characteristics of the invention with FIG. 3 
being a top view and FIG, 4 a perspective view. 
The light valve 32 Is positioned in such a way that 
emitting lines 35 In the screen 31 are situated 
directly behind the boundary between two adjacent 
pixels 33. 34 as seen from along some vertical line 

36 (the center line between the observer's eyes) in 
front of the display unit. Under these conditions an 
observer's eye in the viewing zone 37 to the (eft of 
the vertical line 36 and within an imaginary plane 
39. which is parallel to light valve 32 and contains 
the vertical line 36, will view all of the emitting lines 
through pixels 33. Pixels 33 are displaying a left 
eye Image of the stereoscopic pair. This left eye 
will perceive the left eye Image which is being 
illuminated by the emitting lines 35, but not the 
right eye Image which from the perspective in zone 

37 Is not being illuminated. In the same manner an 
observer's eye In zone 38 to the right of line 36 will 
see all the emitting lines 35 through pixels 34 
which are displaying the right eye Image of the 
stereoscopic pair. This eye will perceive only the 
right eye Imago. Thus, the observer sitting in front 
of the display unit with his right eye In zone 38 and 
his left eye in zone 37 will perceive stereoscopic 
images. 

Jt can be shown through geometry that the 
proper spacing between emitting lines 35 is given 
by the formula 

(I) s = anfd4-ml 

d 

wherein 

m => the distance from screen 31 to light valve 32 
n = the width of a single pixel 33 or 34 on light 
valve 32 or light valve 1 21 

d = distance along the normal between light valve 
32 and line 36 (see FIG.S 3. 4, 6 and 12) 
a = the number of columns of pixels for each light 
site (either i for a single column or 2 or more for 
the pairs of columns) 

While d In theory can be any value, in practice 
when using a pixel of 0.5 mm width d.will be a 
value from 30 to 30. The average viewer will view 
the display unit at a distance of about 60 cm plus 
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or minus up to about 30 cm from the outer surface 
of light valve 32. Thus, the typical value of d Is 
■ between about 30 and about 90. It can be shown 
geometrically that there are a plurality of zones 10 
5 across plane 39 in which only (eft eye Images are 
seen, and zones 1 1 across plane 39 In which only 
right eye images are seen as shown tn FIG. 4. 
Thus, it is possible for a plurality of obsen/ers to sit 
in front of the display unit with their eyes in appro- 

10 prlats zones and perceive stereoscopic images. 

The number of rows of horizontal pixels 23 of 
the light valve 32 and the number of light emitting 
lines 35 in FIG. 2 and FIG. 5 can be varied de- 
pending upon the degree of resolution desired. 

15 Color Images can be displayed if each line of . 

pixels as shown by rows 23 and columns 33, 34 on 
light valve 32 of FiG. 2 is replaced by pixels with 
Independently controllable transparency and having 
one of the three primary colors. Thus, each pixel 

70 row 23 Is replaced by three rows, namely 23a, 23b 
and 23c, row 23a being tinted red. row 23b being 
tinted green and row 23c being tinted blue. Pixel 
columns 33, 34 will be a repeating sequence of 
red, green, blue, red, green blue, etc., for the 

25 desired length of the column. An expanded view of 
the display unit when configured for the color dis- 
plays discussed above Is shown in FiQ. 7. The 
display of FiG. 7 is lilce the display of FIG. 2 except 
that row 23 has been substituted by pixel rows 23a, 

30 23b and 23c. Full color can then be created in the 
same manner that such images are created wfth 
color dots on a conventional CRT display. 

It is possible to use more than two columns of 
pixels In front of each emitting line 35 as shown In 

36 FIG. 5 Six columns of pixels 11. 1 2, 13, 14, 1 5, 16 
are shown In light valve 32 In front of each line 35 
in screen 31 of FIQ. 5. Other numbers of columns 
could be used depending on the size of the screen 
and desired resolution. The increase In column 

iio count would result In more than two zones being 
present In the vicinity of line 36 and are shown in 
FIG. 8 as zones 17, 18, 19, 20, 21 and 22. Each set 
of pixel columns 11-16 would display a different 
perspective view of some scene, with each view 

45 being a perspective Image of the scene as seen 
from the center of zones 17-22 respectively. Thus, 
from each zone an observer's eye would perceive 
a different perspective view of a scene. In such a 
case, the observer could view stereoscopic images 

50 from any position where his or her eyes are located 
in two different zones. The observer would thus 
have the freedom to move his or her head within 
zones 17-22 without njlnlng the stereoscopic effect. 
FiG. 1 1 is an expanded view of a portion of the 

66 display unit of FIG. 1 having a mask 46 anached to 
the exposed side of the light valve. The mask 46 
provides system compatibility with three dimen- 
sional (3-D) software. The flat surface Illumination 
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source 31 is spaced a part from and parallel to a 
light valve 121. Optionally the spacing is nnain- 
talned by a spacer 45, A sheet of clear gJass or 
plastic materiai of proper thickness 45 nnakes an 
ideal spacer between the illumination source 31 
and the light valve 121, which is similar to light 
valve 32 of RG. 2 except that in light valve 121 
there Is a single column of vertical pixels for each 
light emitting line or site. 

The mask 46 can be prepared by printing a 
series of opaque regions in the desired configura- 
tion on a transparent plastic sheet The printing 
process can be that used in off set printing or 
xeroxographic reproduction. A typical plastic sheet 
is about 0.1 to 4 mm in thickness and made of 
acetate, MylarTW or other similar plastics. Best re- 
sults are obtained when the sheet is optically clear. 
The mask 46 is mounted on the front (visible) side 
of the light valve 121 by any of a variety of well 
known mounting techniques in the art. Ideally the 
mask 46 faces the surface of the light valve 121 
upon which the mask 46 is mounted. The mask 46 
Is flat, however the location of the transparent and 
opaque regions of the mask 46 create the wrap 
around and look around effects obtained, 

In FIG. 1 1 a mask 46 is positioned on the front 
surface of the light valve 121. The mask consists of 
a chec)cerboard pattern of alternating opaque rec- 
tangles 47 and transparent rectangles 46, The 
mask is posftioned so that two rectangles situated 
side by side, one transparent, and one opaque, 
cover each pixel of the light valve. 

FIG. 12 Illustrates the geometry and optical 
che/acleriatics of the invention when viewing from 
the top of the display unit of RG. n. The light 
valve 1 21 is positioned in such a away that emitting 
lines 35 on the screen 31 appear to be situated 
direcdy behind the center line of each pixel when 
seen from along some vertical line 36 (the center 
line between the observer's eyes) in front of the 
display unit Under these conditions an observer's 
eye in the viewing zone 38 to the right of the 
vortical line 36 and within or near an imaginary 
plane 54, which Is parallel to light valve 121 and 
contains the vertical line 36, will view all the emit- 
ting lines through the right half of each pixel. The 
observer will thus be able to see the lines through 
those pixels with a transparent mask rectangle on 
their right side. The observer will not be able to 
see the lines through those pixels with an opaque 
square in the right side. The observer will thus be 
able to see the lines only through alternate horizon- 
tal rows of pixels 23a with the right eye. If pixel 
rows 23a are displaying sections of a right eye 
image of a stereoscopic pair, the observer's right 
eye will see the right eye Image. Likewise, the 
observer's left eye, in zone 37 to the left of line 36 
will see all the emitting lines through those trans- 



parent rectangles which are on the left sides of the 
pixels. The left eye will thus see the lines only 
through those alternate rows of pixels 23b through 
which the right eye cannot see the lines. If rows 
5 23b display a left eye image, the left eye will see 
only this left eye image while his right eye sees the 
right eye Image, and will thus perceive a stereo- 
scopic image. 

When building color displays of this type the 

70 manufacturer may be faced with the need to use 
liquid crystal displays wKh interleaved color pixels, 
in this arrangement, the pixels of each row are 
offset from each other by 1/2 their width, as is 
shown in FIG. 13. Red, blue and green pixels are 

15 arranged In small triangles made up of three pixels, 
one of each color. 

FIG. 13 shows a light emitting line and mask 
arrangement that can be used with such a pixel 
arrangement. Flat illuminating screen 31 displays a 

20 plurality of line elements 43. Each element Is 
roughly the same length as a pixel of light valve 
121, The pixels 23 In alternating rows are offset 
from each other by half the distance between two 
adjacent Illuminating lines 43. The lines 49 are 

25 spaced apart by the proper distance so that each 
seems to be directly behind a pixel as seen from 
line 36. One Illuminating line 49 appears behind 
each pixel of light valve 121. 

A mask 46 with the transparent and opaque 

30 pattern shown in FIG, 13 is placed in front of 
screen 31. The mask Is positioned so that, as seen 
from line 36, each line element 48 on screen 31 
appears to be behind the border of a light square 
and a dark square on mask 46. Note that with this 

as mask pattern, the obsen/er's left eye sees lines 
only through alternating groups of two rows 50,51 
of mask 46 and the right eye sees lines only 
through the other set-of alternating groups 52.53 of 
mask 46. As before, those rows visible to the right 

40 eye are used to show a right eye Image and those 
visible to the left eye show a left eye image. 

It Is possible to use a mask arrangement to 
achieve a "look around" capability In which a dif- 
ferent perspective view of a scene Is visible from 

4s each of several zones across imaginary plane 54 of 
FIG. 12. This gives the viewer a hologram like 
effect in which the viewer can move this head to 
look around corners and so forth. A mask arrange- 
ment has the advantage of a much shorter spacing 

60 between the line display 31 and the mask 46. 
which reduces weight considerably. This is impor- 
tant for units designed for rugged use in weight 
critical environments, such as aircraft 

FIG. 14 shows the mask arrangement to be 

S5 used for the look around three dimension {3-D) 
version. The mask 55 contains a plurality of rela- 
tively thin transparent rectangles with opaque re- 
gions between them. In FIG- 14 the rectangles are 
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one sixth (1/6) as wide as the pixels 23. 33. 34. 
Other widths could be used, as is explained below. 
The mask Is placed in front of an illuminating line 
and light vaive arrangement identlcaJ to that of FIG. 
2. One line is situated behind each column of 
pixels 33,34 and ideally is positioned so that, from 
imaginary line 54 In FlQ. 12 the lines appear to 
bisect the pixels. The mask Is placed so that one 
transparent rectangle Is in front of each pixel. Fur- 
thermore, the mask is placed so that In row 56 the 
transparent rectangles are at the right edge of the 
pixels. In each subsequent row 57 through 3 the 
rectangles are shifted leftward by one sixth of a 
rectangle width, until In row 33 the rectangles are 
at the left edges of the pixels. In the next row. not 
shown, the rectangles are again at the right edges 
of the pixels and the pattern repeats. 

FIG. 15 illustrates with a top view the geometry 
of the invention when used with the mask of FIG, 
14, The rectangles are placed so that the illuminat- 
ing lines 35 are visible through different rows of 
pbcels from different zones 62 through 67 at Imagi- 
nary plane 54. with the mask shown in FIG. 14 the 
line behind row 56 would be visible from zone 62, 
line behind row 57 visible from zone 83 and so on. 
After every six rows the pattern repeats, with row 
40 being visible from zone 62 and row 4l being 
visible from zone 63 and so on. The obsen/er can 
see the Illuminating lines only from successive 
zones 56 In front of the device. Thus If pixel row 28 
and each sbcth succeeding row were to display a 
scene with perspective appropriate to an obsen/ar 
In zone 62 and pixel row 29 and the sixth succeed- 
ing row were used to display the same scene with 
perspective as seen from zone 63 and so on, the 
observer near place 24 woukJ perceive an image 
that seemed to change Its perspective as the ob- 
server moved his head from side to side. Just as a 
real three dimensional object would. 

Although a mask designed for six viewing 
zones is shown, virtually any number of zones 
could be produced by varying the width of the 
rectangles on the mask, if N zones are desired, 
then each rectangle must have a width of at most 
1/N times the width of the pixels 33,34. Their 
arrangement could still be Identical to FIG, 14. 
Generally, the more zones there are and the thin- 
ner they are, the more realistic Is the three dimen- 
sional scene. 

ft is possible to produce color pictures If the 
light valve possesses columns or rows of alte^na^ 
Ing red, blue and green tinted pixels, as shown In 
FIG, 5. 

It may be apparent to the reader that many 
possible patterns of lines and transparent rectan- 
gles may be used to ensure that certain linos or 
pixels can be visible only In certain zones in front 
of the invention. For example, one could make 



alternate diagonal rows visible to the left eye and 
the remaining alternate diagonal rows visible to the 
right eye by placing the appropriate mask rectan- 
gles over each pixel. 

s It Is also possible to produce three dimensional 

display that produces parallax In both the vertical 
and horizontal directions using a light emitting pat- 
tern behind a light valve or light valve and mask 
combination. FIG. 16 Illustrates this version of the 

10 system. 

In FIG. 16 display panel 85 has light valve 121 
which is spaced apart from and parallel to an 
Illumination screen 31, possessing a plurality of 
small, light emitting regions 68 in a raster pattern 

IS across its surface. A group of 18 pixels 69 through 
84. consisting of 4 rows and 4 columns. Is placed 
In front of each light emitting region 58., The pixels 
in each group in front of each region are mutually 
exclusive from other pixels In other groups in front 

20 of other light emitting regions (or dots) 68. 

FIG.' 17 illustrates the geometry of display pan- 
el 85 shown In FlQ. 16. The spacing betvreen the 
dots, and the distance between light valve 121 and 
illumination panel 3i Is such that,, from a point 66 

25 directly in front of the display and In an Imaginar/ 
plane 87 such that the point 86 represents the mid 
point between a viewer's two eyes, each dot is 
seen to be situated directly behind the center of Its 
group of pixels 69 through 84. A group of 16 zones 

30 88 through 103 exists In place 87 In front of the 
display 86. From zone 88 each dot 58 appears to 
be situated behind pixels 69 from zone 80 each dot 

68 appears to be situated behind pixels 70 and so 
forth. The set of pixels 69 displays an image of a 

35 scene with the proper perspective that would arise 
from viewing it from the center of zone 88» the set 
of pixels 70 display the same scene with a per- 
spective appropriate to its appearance from the 
center of zone 89 and so fortt^. Thus, as a person 

40 moves his head within the zones 88 through 103 
the perspective of the scene seams to change as 
the person moves up and down, or sldev^ys, just 
as the perspective of a reaJ object would. 

FIG. 18 Illustrates a mask that can be used 

46 with the display panel 85 of FIG. 18 to form a 
display with parallax In both the horizontal and 
vertical directions. A portion of light valve 32 of 
display panel 85 containing one group of 16 pixels 

69 through 84 Is shown. There is one illuminated 
so point 86 behind each pixel. A mask 104 Is placed 

at the light valve 121 with transparent regions 105 
through 120 are spaced so that only a fraction of 
each pixel 69 through 84 Is covered by a transpar- 
ent opening. Furthermore, the transparent regions 
55 cover different sections of each pixel or set of 
pixels. In FIG. 18 the transparent region at pixel 69 
allows light to escape from the upper corner region 
of the pixel. These region allow the dots behind 
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these pixels to be seen only from zones 88 at 
plana 87 of FIG. 17. Lilcewtse, the transparent re- 
gions in from the pixels 70 allow light to escape 
through the transparent square closer to the center 
of the top of each pixel, allowing the dots behind 
these pixeJs to be seen only within zones 89 at 
plane 87. There rn only one set of pixels 69 
through M visible in each of the zones 88 through 
103, As before, sets of pixels 69 display an Image 
wrth a perspective appropriate to the perspective 
as seen from zone 98 and so on. 

Although' RGS. 12 through 14 illustrate the use 
of 16 pixels in front of each dot 86 and 1 6 zones tn 
plane 97 any number of pixels can be placed in 
front of each region to create any number of zones 
at plane 87. While it is convenient to use a square 
grouping of pixels as shown in these figures, other 
configurations may be employed. 

The foregoing configurations and methods 
have been described in the foregoing specification 
for the purpose of illustration and not limitation. 
Many other modifications and ramifications will nat- 
urally suggest themselves to those skilled in the art 
based on this disclosure. These are Intended to be 
comprehended as within the scope of this inven- 
tion. 



light emitting site in said light valve when said 
mask is present. 

2. The display unit of claim 1 wherein the tight 
5 emitting sites are light omitting lines. 

3. The display unit of claim 2 wherein there Is 
one pair of vertical columns of Individual picture 
elements for each light emitting lino. 

4. The display unit of claim 2 wherein there are 
70 at least two pairs of vertical columns of picture 

elements for each light emitting line. 

5. The display unit of claim 2 wherein the 
display Is in color and each horizontal row of the 
grid pattern of Individual picture elements Is ra- 

75 placed by three rows of individual picture elements, 
each one of the three rows of elements being 
tinted for a different one of the three primar/ col- 
ors. 

6. The display unit of claim 2 having at least 
20 one pair of vertical columns of individual picture 

elements for each light emitting line wherein the 
space between two successive light emitting lines 
is detenmlned according to the formula 

25 s = an ( a^m) 



Claims 

1. In an autoetereoscopic display unit the im- 
provement which comprises- 

(a) a flat surface screen displaying a mul- 
tiplicity of regularly spaced discrete, finite light 
emitting sites across Its surface, said screen re- 
maining dark between said emitting sites, 

(b) a light valve In front of and parallel to 
said screen, said Ught valve having individual pic- 
ture elements anranged In a grid pattern across its 
surface, there being at least one pair of vertical 
columns of individual picture elements for each 
light emitting site, said light emitting site being 
located behind the boundary of said pair, and op- 
tionally 

(c) a mask comprised of alternating opaque 
and transparent to light sectlor^, there being one 
transparent and one opaque section so situated in 
front of each individual picture element of said light 
valve that due to parallax effect a viewer's right eye 
can only perceive the light emitting lines through 
the transparent regions on alternate rows of Individ- 
ual picture elements and a viewer's left eye can 
only perceive the light emlnlng lines through the 
transparent regions on the remaining rows of in- 
dividual picture elements, there being only single 
columns of individual picture elements* for each 



wherein m is the distance from the screen to the 
light valve» n Is the width of a single vertical individ- 
ual picture element, s Is the distance between two 
successive light emitting lines, a Is the number of 
Individual picture elements associated with each 
light emitting line and d is an Integer between 30 
and 90. 

7. The display of claim 2 used In a television 
receiving system as the visual display. 

a. The display of claim 2 used In a computer 
system as the graphics display, 

9. The display unit of claim 2 which has a 
mask. 

10. The display unit of claim 2 comprised of a 
flat surface screen and a light valve. 

11. The display unit of claim 1 wherein the light 
emitting sites are disk or square shaped and ar^ 
ranged In a raster pattern grid. 

12. A method of displaying autostereoscopic 
images which comprises sending from a transmit- 
ter a series of modulated electromagnetic signals 
that are received by a light vaive in a display unit 
wherein the light vaJve Is In front of and paralial to 
a flat surface screen. 

said flat surface screen displaying a multiplicity of 
regularly spaced discrete, finite light emitting sites 
across its surface, said screen remaining dark be- 
tween said emitting sites, 

said light valve In front of and parallel to said 
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screen, said light valve having individual picture 
elemants arrangad In a grid pattern across its sur- 
face, there being at least one pair of venical col- 
umns of individual picture elements for each light 
emitting site, said light emitting site being located 5 
behind the boundary of said pair, 
and optionally said display unit has a mask com- 
prised of alternating opaque and transparent to 
light sections, there being one transparent and one 
opaque section so situated in front of each Individ- 10 
ual picture efement of said tight valve that due to 
parallax effect a viewer's right eye can only per- 
ceive the light emitting fines through the transpar- 
ent regions on aJternate rows of individual picture 
elements and a viewer's left eye can only perceive 15 
the light emitting lines through the transparent re- 
gions on the remaining rows of individual picture 
elements, there being only single columns of in- 
dividual picture elements for each light emitting site 
in said light valve when said mask is present 20 

13. The method of claim 12 wherein the light 
emitting sites are vertical light emitting fines. 

14. The method of claim 13 wherein the Im- 
ages are displayed In color by separating the elec- 
tromagnetic signals into separate signals for each 25 
of the three light primary colors and each horizon- 
tal row of the grid pattern of individual picture 
elements Is replaced by three rows of individual 
picture elements, each one of the three rows of 
elements being tinted for a different one of the so 
three primary colora. 

15. The method of claim 13 wherein the elec- 
tromagnetlc signal Is generated by a computer 
program. 

16. The method of claim 13 wherein the eleo as 
tromagnetlc signal is generated by a television 
signal. 

17. The method of claim 13 wherein the dis- 
play unit has a mask, 

18. The method of claim 13 wherein the dis- 40 
play unit is comprised of a flat surface screen and 

a light valve. 

19. The method of claim 12 wherein the light 
emitting sites are disk or square shaped and ar- 
ranged in a raster pattern grid. 4S 
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